Angiotensin II (AngII) type 1-receptor blockers (ARBs) have been effectively used not only in the treatment of hypertension but also in cardiac protection. However, whether and why there are differences in these effects still remain unclear. Here we compared the effects of five commonly used ARBs (Candesartan, Olmesartan, Losartan, Telmisartan and Valsartan) on pressure overload-induced cardiac hypertrophy in mice model. Pressure overload was produced by constriction of the transverse aorta (TAC) for 2 weeks, which induced a significant elevation of blood pressure; ARBs or saline was administered through a stomach tube; Cardiac hypertrophy was evaluated by transthoracic echocardiography, cardiac histology and specific gene expression analyses. Although all the five ARBs, which did not repress the elevation of left ventricular pressure after TAC, attenuated the development of cardiac hypertrophy in the wild-type mice, the degrees of regression by Candesartan, Olmesartan and Losartan tended to be larger than those by Telmisartan and Valsartan. Furthermore, in angiotensinogen-knockout mice lacking endogenous AngII, TAC-induced cardiac hypertrophy was regressed by Candesartan, Olmesartan and Losartan but not by Telmisartan and Valsartan administration. Our data suggest that Candesartan, Olmesartan and Losartan can effectively inhibit pressure overloadinduced cardiac hypertrophy even in the absence of AngII, whereas Telmisartan and Valsartan could exert the inhibitory effects only in the presence of AngII.
INTRODUCTION
Cardiac hypertrophy is not only a physiologically adaptive state before heart failure, but also an independent risk factor of major cardiac events. 1 Although there are many factors that can induce cardiac hypertrophy, hypertensive stimulation is a major hypertrophy-inducing factor. 2, 3 Angiotensin II (AngII) and its type 1-receptor (AT1-R) have been known to be greatly involved in pressure overload-induced cardiac hypertrophy. 4 ,5 AT1-R blockers (ARBs) are clinically available as a highly effective and well-tolerated class of drugs for the treatment of hypertension. In addition, a variety of clinical evidences have shown that ARBs provide cardiovascular protection beyond blood pressure (BP) lowering. 6 Especially, ARB administration effectively prevents cardiac hypertrophy and improves the cardiovascular outcomes in patients with hypertension. 6, 7 At present, there are several ARBs widely used in clinics, such as Losartan, Irbesartan, Telmisartan, Candesartan, Valsartan, Olmesartan and so on. Although some of them have been shown to have more beneficial effects than other types of antihypertensive agents such as b-adrenergic receptor blockers and calcium channel blockers, there are also reports indicating that cardiovascular outcomes by ARB-based treatment do not differ from those by other agent-based treatment. 8, 9 We therefore supposed whether there were differences in cardiac protection among ARBs besides antihypertensive potency.
AT1-R is a member of the G protein-coupled receptor superfamily 10 and ARBs are highly selective in binding to the AT1-R and blocking diverse effects mediated by AT1-R. 6, 11, 12 Structurally, ARBs not only have the common biphenyl-tetrazole ring but also the unique side chains, which contribute to drug-specific differences in pharmacokinetic and pharmacodynamic properties and antihypertensive potency. 6, 13 Many in vitro studies including ours have suggested that the effects of ARBs on suppression of AT1-R activation differ. 11, 12, 14 However, a rigorous in vivo comparison of different ARBs to regress pressure overload-induced cardiac hypertrophy has not been performed. Moreover, we have recently reported that Candesartan inhibited activation of AT1-R and attenuated cardiac hypertrophy induced by pressure overload in the absence of AngII; 11 however, it is unknown whether this holds true for other ARBs.
In this study, we compared the potencies of five commonly used ARBs, including Losartan, Candesartan, Telmisartan, Valsartan and Olmesartan, in the regression of pressure overload-induced cardiac hypertrophy in the presence or absence of endogenous AngII by using wild type (WT) and angiotensinogen-knockout (ATG KO) mice, respectively, and found that Candesartan, Olmesartan and Losartan can effectively inhibit pressure overload-induced cardiac hypertrophy even in the absence of Ang II, whereas Telmisartan and Valsartan could exert the effect only in the presence of AngII.
METHODS

Animals and pressure overload model
Male WT (C57/BL6J, commercially purchased from Shanghai Laboratory Animal Center, Chinese Academy, Shanghai, China) and ATG KO mice (kindly provided by Issei Komuro, Chiba University, Japan), aged 10 weeks, were used in the present study. Generation of the ATG KO mice has been previously described. 15 There were no significant differences in body weight, heart weight, heart weight to body weight ratio (heart weight/body weight), BP and heart rate between the two types of mice at basal state. Pressure overload was produced by constriction of transverse aorta (TAC) for 2 weeks as described previously. 16, 17 Briefly, mice were anesthetized by intraperitoneal injection of a cocktail of ketamine (100 mg kg À1 ) and xylazine (5 mg kg À1 ), and respiration was artificially controlled with a tidal volume of 0.2 ml and a respiratory rate of 110 breaths min À1 . The TAC was constricted with 7-0 nylon strings by ligating the aorta with a blunted 27-gauge needle to yield a narrowing of 0.4 mm in diameter when the needle was pulled out later. All of the animal experiments were performed in compliance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) and was approved by the guidelines of Fudan University.
Oral administration of ARBs
All ARBs including Losartan (Merck Pharmaceutical, Hangzhou, China), Candesartan (Takeda Pharmaceutical, Tianjin, China), Telmisartan (Boehringer Ingelheim Pharmaceutical, Shanghai, China), Valsartan (Novartis Pharmaceutical, Beijing, China) and Olmesartan (Daiichi Sankyo Pharmaceutical, Shanghai, China) were purchased commercially. WT and ATG KO mice were randomly divided into seven groups for each genotype of mice: saline plus sham-operated mice (sham, n¼5 for WT, n¼4 for ATG KO), saline plus TAC group (saline, n¼9 for WT, n¼8 for ATG KO), Candesartan plus TAC group (Candesartan, n¼10 for WT, n¼8 for ATG KO), Olmesartan plus TAC group (Olmesartan, n¼10 for WT, n¼9 for ATG KO), Losartan plus TAC group (Losartan, n¼8 for WT, n¼8 for ATG KO), Telmisartan plus TAC group (Telmisartan, n¼10 for WT, n¼8 for ATG KO) and Valsartan plus TAC group (Valsartan, n¼9 for WT, n¼8 for ATG KO). ARBs were dissolved in saline, and equal volumes of freshly prepared ARB solution or saline (0.2 ml) were administered to mice once daily through an oral gavage starting from 3 days before the operation to the end of the experiments. The dosages for Candesartan, Olmesartan, Losartan, Telmisartan and Valsartan administration were 2.1, 5.4, 13.4, 21.4 and 21.4 mg kg À1 day À1 , respectively. Selection of drug dosages was based upon Bios formula, clinically relevant concentrations and our preliminary study.
Echocardiography and hemodynamic measurements
Transthoracic echocardiography was performed before and at 2 weeks after TAC or sham operation using a 30-MHz high-frequency scanhead (VisualSonics Vevo770, VisualSonics, Toronto, ON, Canada). 17 All measurements were averaged for three consecutive cardiac cycles and were carried out by three experienced technicians who were unaware of the identities of the respective experimental groups. Left ventricle (LV) hemodynamics was also evaluated before and at the end of study. Briefly, a micronanometer catheter (Millar 1.4F, SPR 835, Millar Instruments, Houston, TX, USA) was inserted through the right common carotid artery into the aorta and carefully introduced into LV.
The transducer was connected to a Power Laboratory system (AD Instruments, Castle Hill, Australia), and BP, heart rate, LV end-systolic pressure (LVESP) and LV end-diastolic pressure (LVEDP) were measured.
Morphology and histological analysis
Mice were killed and hearts were excised. For global morphometry, hearts were perfused with PBS followed by 4% polyformaldehyde. For histological analysis, heart tissues were fixed in 10% formalin and embedded in paraffin or frozen in liquid nitrogen, sectioned at 4-mm thickness, and stained with hematoxylin and eosin or Masson trichrome, respectively. Digital photographs were taken at magnification Â200 or Â400, respectively. For measurement, five random highpower fields from each section were chosen and quantified in a blinded manner. The extent of fibrosis was expressed as the ratio of Masson trichrome-stained area to total LV wall area. The cross-sectional area of cardiac myocytes and midtransverse sectional area of the hearts were analyzed quantitatively by morphometry of hematoxylin and eosin-stained sections. Five sections for each heart were counted. The original images were measured by using an automated image analysis system (Image-Pro Plus 5.0, Media Cybernetics, Bethesda, MD, USA).
Analysis of hypertrophic gene expression
Total RNA was prepared from the heart tissues of mice by using TRIzol reagent (15596-018, Gibco BRL, Carlsbad, CA, USA); the reverse transcription PCR was performed by using TOYOBO ReverTra Ace-a-RT-PCR kit according to the manufacturer's instruction. The real-time PCR was performed on a BioRad IQ5 multicolor detection system by using 2 mg of synthesized cDNA. Atrial natriuretic peptide (ANP), skeletal a-actin (SAA), sarcoplasmic reticulum Ca 2+ -ATPase (SERCA2) and glyceraldehyde-3-phosphate dehydrogenase were amplified using their specific primers. The primers used for PCR analysis are as follows: for ANP gene, 5¢-ACGCAGCTTGGTCACATTGC-3¢ and 5¢-CCACTAGAC CACTCATCTAC-3¢; for SAA gene, 5¢-AGCAGATGTGGATCACCAAG-3¢ and 5¢-CTGCAACCACAGCACGATTG-3¢; for SERCA2 gene, 5¢-GAAGCAGTAGA CAGATGTTGG-3¢ and 5¢-GCTGTGAGAAGCTGTGAGCA-3¢; for glyceraldehyde-3-phosphate dehydrogenase gene, 5¢-CCACTCTTCCACCTTCGATG-3¢ and 5¢-TCCACCACCCTGTTGCTGTA-3¢. A comparative C T method was used to determine the relative quantification of RNA expression, which involves comparing the C T values of the samples of interest with a control or calibrator such as a non-treated sample or RNA from normal tissue. All real-time PCR reactions were performed in triplicate.
Statistical analysis
Data are expressed as mean±s.e.m. Multiple-group comparison was performed by one-way analysis of varience followed by least-significant difference procedure for comparison of means. Comparison between two groups under identical conditions was performed by the two-tailed Student's t-test. A value of Po0.05 was considered statistically significant.
RESULTS
Elevation of aortic blood pressure (ABP) and LV pressures after TAC
Literally, the inhibition of the cardiac hypertrophy of each ARB is associated with their dosages administrated. In the present study, however, we compared the efficacy of each ARB beyond their antihypertensive effects. Thus, we try to determine the maximal dosage of each ARB without anti-hypertensive effects. We treated the TAC mice with four different dosages of each ARB and examined the ABP of the mice so as to draw a dose-ABP curve (shown in Supplementary  Figure) . We found that dosages higher than 2.1, 5.4, 13.4, 21.4 and 21.4 mg kg À1 day À1 of Candesartan, Olmesartan, Losartan, Telmisartan and Valsartan, respectively, will lower the ABP of mice to some extent and therefore lead to different after-loading of the mice in each group. Different pressure loads will lead to different hypertrophic responses. To observe the anti-hypertrophy effects of these five ARBs beyond their lowering blood pressure, we used the dosages of each ARB to guarantee an equal-effective dose for a fair comparison.
We also confirmed changes of hemodynamic parameters (LVESP and LVEDP) after TAC and observed the effects of ARBs administration on them. LVESP and LVEDP were measured in mice after 2 weeks of TAC. There were no significant differences in hemodynamic parameters between the two genotypes of mice at basal state (data not shown). TAC for 2 weeks induced a significant elevation of LVESP (from 80-110 to 150-180 mm Hg) compared with sham operation (Figure 1a) , which was similar between the WT and the ATG KO mice, and ARB administration did not suppress the elevation of LVESP (Figure 1b) . LVEDP remained unchanged among all groups (Figure 1c) . These results indicated that TAC produced a similar pressure overload in the WT and ATG KO mice, which could not be repressed by ARB treatment.
Effects of five ARBs on cardiac hypertrophy as analyzed by echocardiography Cardiac hypertrophy was first evaluated by echocardiography (Figure 2a ). Quantitative analysis revealed that both the LV endsystolic posterior wall thickness (LVPWs) and LV end-diastolic posterior wall thickness (LVPWd) were significantly increased by 2 weeks of TAC but not by sham operation, and the increases in LVPWs and LVPWd by TAC were similar between the WT and the ATG KO mice (Figure 2b ). On treatment with the five ARBs, all significantly inhibited increment of the LV wall thickness by TAC in the WT mice (Figure 2b ). Although they were not significantly different, the degrees of inhibition by Candesartan, Olmesartan and Losartan tended to be larger compared with those by Telmisartan and Valsartan in the WT mice (Figure 2b ). In the ATG KO mice, however, treatment with Candesartan, Olmesartan and Losartan significantly attenuated the increases in LVPWs and LVPWd by TAC, whereas Telmisartan and Valsartan administration could not do so. On the other hand, the LV internal dimension at end systole and diastole (LVIDs and LVIDd) had no changes among all the groups (Figure 2c) , and the LV ejection fraction (LVEF) also remained unchanged in all enrolled animals ( Figure 2d ). These results suggested that although all the five ARBs could effectively inhibit pressure overload-induced increases in LV wall thickness in the presence of AngII, Candesartan, Olmesartan and Losartan could exert this effect even in the absence of AngII, and that ARB administration did not affect cardiac functions in the early phase of TAC.
Effects of ARBs on morphological changes evaluated by histological analysis After 2 weeks of TAC, the hearts of mice were globally enlarged (Figure 3a) , and heart weight/body weight ratio was significantly increased in the mice of saline-treated groups (Figure 3b) . The midtransverse section area of LV wall (Figures 4a and c) and the crosssectional area of individual cardiac myocytes (Figures 4b and d) were also significantly increased after TAC in saline-treated mice. These changes by TAC were similar between the WT and the ATG KO mice. However, among the ARB-treated groups, the changes of morphological parameters were quite different. The increase either in heart size and weight (Figures 3a and b) or in individual cardiomyocyte size (Figures 4a-d) induced by TAC was significantly abolished by all five ARBs in the WT mice, whereas in the ATG KO mice the inhibitory effects were only observed in Candesartan-, Olmesartan-and Losartan-treated groups but not in Telmisartan-and Valsartan-treated mice.
Effects of ARBs on myocardial fibrosis induced by TAC
Myocardial fibrosis is increased in the development of cardiac hypertrophy, which accounts for the formation of cardiac remodeling. 18, 19 We therefore examined the extent of fibrosis in myocardium by histological staining after 2 weeks of TAC. The extent of fibrosis in LV wall was significantly increased after TAC in all saline-administered mice (Figures 5a and b) . The increase was significantly suppressed by all the five ARBs in the WT mice (Figures 5a and b) . In the ATG KO mice, however, although the extent of LV fibrosis was S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n Saline Candesartan Olmesartan Losartan Telmisartan Valsartan 
Effects of ARBs on hypertrophic gene expression induced by TAC
Reprogramming of specific gene expression is one of the hypertrophic responses to hemodynamic overload. 20, 21 We thus examined the expressions of ANP, SAA and SERCA2 genes in the hearts at 2 weeks after TAC. TAC significantly upregulated the mRNA levels of ANP and SAA genes and downregulated the expression of SERCA2 gene compared with sham operation, and the upregulation in ANP and SAA and the downregulation of SERCA2 gene expression were significantly suppressed in all ARB groups of the WT mice (Figures  6a-c) . In the ATG KO mice, however, TAC for 2 weeks induced a similar pattern of reprogramming of the three genes as in the WT mice (Figures 6a-c) , but the inhibitory effects on the TAC-induced gene reprogramming were significantly different among the five ARBs. Although Candesartan, Olmesartan and Losartan administration might abrogate the reprogramming of ANP, SAA and SERCA2 gene expression, the reprogramming of gene expression could not be reversed by treatment with Telmisartan and Valsartan (Figures 6a-c) .
DISCUSSION
This study demonstrated that the effects of different ARBs on cardiac protection are quite diverse. Under a similar hypertensive condition, Candesartan, Olmesartan and Losartan abrogated not only AngII-but also mechanical stress-induced cardiac hypertrophy, whereas Telmisartan and Valsartan only suppressed AngII-related hypertrophic responses. Although ARBs share a common mode of action that blocks AngIImediated responses, the antihypertensive potency differs according to the drugs. 6, 13 In this study, under a similarly hypertensive stimulation, although the antihypertrophic effects were not significantly different among the five ARBs, the degrees of regression of cardiac hypertrophy by Candesartan, Olmesartan and Losartan seemed to be larger than those by Telmisartan and Valsartan. Especially in the absence of endogenous AngII, the regression of cardiac hypertrophy by Candesartan, Olmesartan and Losartan was more significant than that by Telmisartan and Valsartan, indicating that the antihypertrophic efficacy also differs according to the drugs. We have previously indicated that besides agonist-dependent activation, AT1-R can be activated directly by mechanical stress independently of AngII. 11 It is therefore considerable that in the WT mice, TAC can induce cardiac hypertrophy at least by both AngII and mechanical stress stimuli. Although all the five ARBs antagonize AngII-mediated responses, only some of them, including Candesartan, Olmesartan and Losartan, can inhibit mechanical stress-induced activation of AT1-R after TAC. In the ATG KO mice, however, as TAC induces cardiac hypertrophy independently of AngII, only those possessing the ability to inhibit mechanical stressinduced AT1-R activation could function after TAC.
Although the reason for the differences in the effects on cardiac protection among ARBs is not clearly explained, the pharmacokinetics such as bioavailability, duration of half-life and route of elimination S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n Candesartan Olmesartan Losartan Telmisartan Valsartan Comparison of angiotensin II type 1-receptor blockers L Li et al and the chemical structures are considerable. 6, 13 The different efficacies of ARBs may be based on the differences in the chemical structures, which determine their unique pharmacological properties. Insurmountable antagonism is one of the pharmacological properties that are relevant to the efficacies of ARBs. Insurmountable behavior reflects tight binding and slow dissociation of the drug and receptor, and insurmountable ARBs can maximally suppress the AngII-induced responses. 22 Olmesartan and Candesartan have been shown to have an in vitro insurmountability against AngII-induced AT1-R activation. 11, 12, 23 Recently, inverse agonism against AT1-R has attracted great attention. An inverse agonist stabilizes inactive conformation of the receptor and reduces constitutive activity of the receptor or the agonist-independent receptor activity. 24, 25 It has been indicated by in vitro studies that both Candesartan and Olmesartan strongly inhibit AngII-independent, mechanical stretch-induced activation, as well as the constitutive activity of the AT1-R, 11, 12 suggesting that Candesartan and Olmesartan may act as an inverse agonist against AT1-R. This study provided an in vivo evidence for the insurmountability and inverse agonism of Candesartan and Olmesartan against AT1-R. With regard to Losartan, it has been indicated that neither the constitutive activity of AT1-R nor the mechanical stretch-induced activation of the receptor in cultured cells could be inhibited by Losartan, suggesting that Losartan itself cannot act as an in vitro inverse agonist of the AT1-R. However, EXP3174, the active metabolite of Losartan, can inhibit constitutive activity of the AT1-R. 11 As Losartan exerts it's effect mainly through EXP3174 in the body, we S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n Candesartan Olmesartan Losartan Telmisartan Valsartan S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n S h a m S a l i n e C a n d e s a r t a n O l m e s a r t a n L o s a r t a n T e l m i s a r t a n V a l s a r t a n Comparison of angiotensin II type 1-receptor blockers L Li et al can explain at least in part the in vivo efficacy of Losartan in the WT and the ATG KO mice. As indicated by our results, cardiac hypertrophy induced by pressure overload in WT mice was also significantly reduced by Telmisartan and Valsartan. However, the degree of reduction tended to be less by Telmisartan and Valsartan, which lack activities of the inverse agonist, than those by Olmesartan, Candesartan and Losartan, which act as inverse agonists, although the difference between them was not significant. It has been known that AngII and AT1 receptor have a critical role in pressure overload-induced cardiac hypertrophy. Pressure overload induces cardiac hypertrophy in WT mice mainly through activation of AT1 receptor both by mechanical stress and by AngII. Although Telmisartan and Valsartan could not block the activation of AT1 receptor induced by mechanical stress, they did block the activation of AT1 receptor induced by AngII. This may explain why the hypertrophy induced by pressure overload in WT mice could be effectively reduced by Telmisartan and Valsartan but the degree of reduction tended to be less than that by Olmesartan, Candesartan and Losartan. In the ATG KO mice, however, as pressure overload induces cardiac hypertrophy through activation of AT1 receptor only by mechanical stress, Telmisartan and Valsartan could not exert inhibitory effects.
Our study demonstrated that some ARBs such as Candesartan, Olmesartan and Losartan strongly inhibit pressure overload-induced cardiac hypertrophy in both the presence and absence of AngII. The insurmountability and inverse agonism against the AT1-R are considered to be crucial for the efficacy.
Some of our present data are different from the results of some clinical trials regarding heart failure (VALHEFT, Charm-added). Although our experimental data showed a less significant regression of pressure overload-induced cardiac hypertrophy by Valsartan and Telmisartan than by Olmesartan, Candesartan and Losartan, data from clinical trials including VALHEFT and ONTARGET revealed that Valsartan and Telmisartan can markedly decrease the cardiovascular death or hospital admission of patients with chronic heart failure. Also, some other clinical trials such as LIFE, CHARM-added and COACH studies revealed significant cardioprotection of ARBs in patients with hypertension or chronic heart failure. Although we don't know the exact reason for these differences, there are two possibilities. First, we used the TAC mice model to produce pressure overload and compared the regressive effects of ARBs on cardiac hypertrophy at high blood pressure, which is different from those observed in patients whose blood pressure was effectively controlled. Second, we observed the inhibitory effects of different ARBs on cardiac hypertrophy at 2 weeks after pressure overload, a stage of compensatory hypertrophy without heart failure during which the effect of ARBs on heart failure was not involved, which is also different from other clinical trials. The different effects of ARBs on cardiac protection should be tested in hypertensive animals in a similar condition to that of clinics and should be observed for a sufficient period in future studies. As there is still a shortage of authoritative clinical studies to compare the differences in cardiac protection provided by all commonly prescribed ARBs in clinics, we do not know at present whether there would be differences in cardiac protection against chronic heart failure among different ARBs in patients. However, we believe that our animal study will provide helpful references for future clinical trials and directive information for the clinical choice among various ARBs.
The efficacies of ARBs on cardiac protection during hypertension are different, which are associated with the differences in chemical structures of the drugs. Elucidation of the molecular interaction model for the chemical structure of ARB and AT1-R will be helpful to discriminate the ARBs according to the efficacies in AT1-R inactivation, and to develop a novel ARB with superb efficacy not only in blood pressure lowering but also in organ protection. In addition, as our study only observed the efficacies of ARBs for 2 weeks after TAC, it remains to be investigated whether inverse agonists prevent cardiac damage more effectively than competitive antagonists for a long term.
